ABSTRACT: The aim of this study was to investigate blood meal sources of mosquitoes captured in municipal parks in the city of São Paulo, Brazil, and to identify possible associations between mosquito species and their food preferences. Fourteen species of blood hosts of 510 engorged adult female mosquitoes were identified using PCR assays with a vertebrate-specific primer set based on cytochrome b mitochondrial DNA of the following vertebrates: birds, dogs, cats, rodents, humans, and other primates. Mosquitoes were captured using a manual aspirator, CDC traps in the canopy, CDC traps at ground level, and Shannon traps. With the exception of cats, all other vertebrates were used as hosts by mosquitoes in the parks. Statistical analysis failed to show any trend toward association between most culicid species captured and the sources of blood meals. Instead, they revealed random patterns, indicating that the mosquitoes fed on the most abundant or convenient blood meal sources. Although feeding preferences were observed in two species (birds in the case of Cx. nigripalpus and dogs in the case of Cx. quinquefasciatus), our results highlight the opportunistic feeding habits of the female mosquitoes in this study. Journal of Vector Ecology 39 (1): 146-152. 2014.
INTRODUCTION
The domiciliation of insects as a result of the urbanization and expansion of cities has demonstrated their great capacity to adapt to and disperse in anthropic environments, where they become pests, cause discomfort, and transmit pathogens (TaipeLagos and Natal 2003) . In the city of São Paulo, the largest in Brazil, with about 11 million inhabitants, there are municipal parks where some of the original fauna and flora are preserved, with small lakes serving as shelters for birds and mammals. These areas offer leisure opportunities for the local population and help improve their quality of life but when located in a metropolis can maintain populations of mosquitoes that infest the surrounding densely inhabited urban areas (Natal et al. 1991 , Medeiros-Sousa et al. 2013 .
Because of increasing pressure on natural environments, there is a growing risk of mosquito-human contact and, consequently, transmission of vector-borne diseases (Pereira et al. 2001) . Concern about emerging arboviruses and the role played by mosquitoes in carrying them into anthropic environments is one of the reasons why various studies have been carried out with mosquitoes associated with green leisure areas and their blood-feeding behaviors to gain a better understanding of the transmission cycles of pathogens.
Several approaches have been used to identify blood meal sources, such as hemoglobin crystallization, precipitation, and agglutination reactions, passive hemagglutination test, immunohistochemical methods, and enzyme-linked immunosorbent assay (Boakey et al. 1999) . However, because of the methodological limitations of these methods, which include a high percentage of false positives, low specificity, and the fact that many samples can only be identified to family level, molecular techniques have been developed to identify blood meal sources in insect vectors (Kent and Norris 2005) . The amplification of mitochondrial genes, such as the cytochrome b gene (CytB), for this purpose has many advantages over other techniques, including higher sensitivity and specificity, as well as the availability of complete sequences in the Genbank database. It therefore allows extensive comparisons to be made between species, sometimes leading to the identification of unexpected reservoirs (Chow et al. 1993 , Steuber et al. 2005 , Jansen et al. 2009 ). The present study aims to identify blood meal sources of mosquitoes captured in urban parks in the city of São Paulo and to investigate a possible association between mosquito species and their food preferences.
The traps were turned on at the beginning of the evening twilight and recovered three hours later (Bustamente and Pires 1951) . In places with denser vegetation, an illuminated Shannon trap was installed and three collectors armed with manual 6 V batterypowered aspirators or tubes containing chloroform carried out the collections. Captures started at evening twilight and finished 2 h later. Females whose guts were full of blood or contained traces of blood were identified to species level following Consoli and Lourenço-de-Oliveira (1994) and Forattini (2002) .
DNA extraction and amplification
Genomic DNA was extracted from individual mosquitoes with the QIAgen DNeasy® Blood and Tissue Handbook Kit (QIAgen Ltd., Crawley, UK), following the manufacturer's protocol. Prior to this study, the presence of vertebrate fauna in each of the parks studied was investigated, and blood from the following vertebrates was used to validate the PCR method used here: bird, dog, cat, human, primates, and rodents. The sequences of primers used to amplify the CytB gene are shown in Table 1 . A pair of primers was designed to identify New World monkeys and another to amplify the DNA of birds found in the parks investigated in this study. PCR amplification was carried out in a final volume of 25 μl containing 2.5 μl of PCR Buffer (10x), 2.5 μl of MgCl 2 (50mM), 0.5 μl of dNTP Mix (10 mM), 0.75 μl of each primer (10 Mm), 0.2 μl of Taq Platinum DNA polymerase (5U), 13.8 μl of sterile water, and 5.0 μl of DNA. PCR reactions were carried out with an initial denaturation temperature of 94º C for 2 min followed by 35 cycles of denaturation at 94º C for 30 s, hybridization at 60° C to 74° C for 30 s (varying according to each primer, as described in Table  1 ) and extension at 72º C for 30 s, followed by a final extension at 72º C for 10 min. The PCR product was loaded onto an agarose gel (1.5%) and stained with ethidium bromide. The fragments were sequenced in both the forward and reverse direction using the ABI Prism dGTP BigDye Terminator Ready Reaction Kit (Perkin Elmer, Foster City, CA).
Statistical analysis
Mosquito species were grouped according to similarity of blood meals with the aid of the Cluster tool in the PAST program (version 3.x). To identify associations between Culicidae and food sources, we used the chi-square test in Excel 2010 with a significance level of α=0.05. The null hypothesis (H0) was that species in Culicidae do not have a predilection for blood from a particular food source, and the alternative hypothesis (H1) was that an association between certain mosquito species and their food sources does exist. Table 2 shows the various species of engorged mosquitoes captured and the corresponding blood meal sources detected by PCR. Out of a total of 510 engorged females captured during one year, blood sources were detected in 82.6% (447/510). Mixed repasts (two or more sources in the same engorged female) were detected in 18.3% (82/447); these were from humans and dogs, humans and birds, and humans and rodents (Table 2) . No blood meals from cats were identified.
RESULTS
Dendrogram analysis ( Figure 2 ) was used to group mosquito species according to their blood meal sources. Two main clusters were formed, one including eight species that had fed on birds and some of the mammals, but not rodents, and another cluster with six species that had fed neither on birds nor on rodents.
The first main cluster is divided into two branches. The first comprises three species [Culex chidesteri (n=4), Aedes crinifer (n=1) and Aedes serratus (n=2)] that fed exclusively on humans and birds, unlike the members of any other branch. The second branch comprises the five most abundant species of engorged mosquitoes found in this study [Aedes scapularis (n=29), Culex nigripalpus (n=109), and Culex quinquefasciatus (n=67), which fed on four different hosts (dogs, humans, rodents, and birds); Culex spp. (n=196), which was positive for five hosts; and Aedes fluviatilis (n=20), which fed on birds, dogs, and humans] (Figure Table 1 Table 2 ). The second main cluster comprises the six species that fed on neither birds nor rodents and were found in lower abundance: Psorophora ferox (n=6), which fed on a monkey, dogs, and humans; Anopheles strodei (n=2), Aedes albopictus (n=4) and Coquillettidia venezuelensis (n=5), which fed on dogs and humans and clustered in a separate branch; and, in the first branch, Culex Melanoconion section (n=1) and Culex Coronator group (n=1), which fed only on humans (Figure 2 , Table 2 ).
The chi-square value for all the engorged mosquitoes captured in the seven parks was p=0.81408 for α=0.05. This allowed us to infer that the engorged females captured in the study selected their blood sources randomly. However, the chi-square value when only the five most abundant species (Ae. fluviatilis, Ae. scapularis, Cx. nigripalpus, Cx. quinquefasciatus, and Cx. spp) were considered was p=0.015, showing that Cx nigripalpus and Cx. quinquefasciatus had a statistically significant predilection for feeding on birds and dogs, respectively.
With regard to the effectiveness of the different techniques used to collect engorged females, aspiration was, as expected, the most effective, accounting for 84.0% of the mosquitoes caught (427/510). The corresponding figures for Shannon traps, CDC traps at ground level, and CDC traps in the canopy were 13.8% (71/510), 1.3% (7/510), and 0.9% (5/510), respectively. Shangrila Park accounted for the greatest number of engorged females.
DISCUSSION
In recent years, ecological changes produced by human activities have been identified as one of the causes of the geographic expansion of vectors that carry infectious diseases (Daszak et al. 2001 , Vasconcelos et al. 2001 , Kruse et al. 2004 , Sutherst 2004 , Ribeiro et al. 2012 ). In the city of São Paulo, a large urban center, the local population usually visit parks for recreation. These areas are home to some of the original flora and fauna, especially Culicidae.
Recently, Medeiros-Sousa et al. (2013) investigated the diversity of mosquitoes inhabiting these parks and the epidemiological role of these species in the transmission of pathogens. In a previous study, Pereira et al. (2001) isolated the Ilhéus arbovirus, which can infect humans and is transmitted by mosquitoes in densely inhabited areas such as that surrounding the Tietê Ecological Park in the city of São Paulo.
Knowledge of blood sources of Culicidae collected in urban parks is crucial for an understanding of the transmission networks of infectious diseases that can become established in the urban environment. In the present study, seven selected parks in the city of São Paulo were monitored for 12 months, during which time 510 engorged female mosquitoes were collected by manual aspiration and 14 different taxa were identified and analyzed.
Dendrogram analysis grouped the species into two main clusters according to their blood-feeding preferences. One included the eight species that fed on birds and other vertebrates but not on rodents, and the other comprised the six species that fed neither on birds nor on rodents, preferring other vertebrates as blood meal sources. The first cluster has a branch containing three species that were found in low abundance in the parks (Cx. chidesteri, Ae. crinifer and Ae. serratus) and fed only on humans and birds. Two of them (Ae. crinifer and Ae. serratus) have been described as possible vectors of arboviruses (Guimarães et al. 1987) .
It is worth noting that the second branch of the first main cluster includes the five most frequent species, all of which are of epidemiological importance. Three of these (Ae. scapularis, Cx. nigripalpus, and Cx. quinquefasciatus) fed on dogs, humans, rodents, and birds. Ae. scapularis is considered an opportunistic species that takes blood meals on a variety of domestic animals as well as human beings (Edman 1985) . This is a significant finding because this species can transmit several arboviruses (Mitchell and Forattini 1984) . The presence of blood from birds and humans in Cx. nigripalpus was reported by Guimarães et al. (1987) , while blood from rodents and dogs was found in this species by Laporta et al. (2008) , agreeing with our results. As rodents are potential reservoirs of arboviruses that cause Venezuelan equine encephalitis and St. Louis encephalitis, it is reasonable to suppose that Cx nigripalpus could act as a vector for cross-transmission of these viruses between humans and rodents (Laporta et al. 2008) . Forattini et al. (1987) and Muturi et al. (2008) detected the same patterns of blood hosts for Cx. quinquefasciatus. According to Almirón and Brewer (1995) , Cx. quinquefasciatus has a great capacity for feeding on different hosts. This is of considerable significance, as this species has a high degree of synanthropy in urban environments (Taipe-Lagos and Natal 2003) . Similar to the findings of Forattini et al. (1987) , Culex spp. was found in almost all seven parks and was engorged with blood from five different sources (including non-human primates in Anhanguera Park). The epidemiological importance of this group lies in the fact that these mosquitoes can be potential vectors of arboviruses and can bridge the gap between human and avian transmission.
The last branch of the first main cluster contains Ae. fluviatilis, which feeds on humans, dogs, and birds. This species was found engorged exclusively with human blood in two parks and was present in the other parks, contrary to the findings of Lopes and Lovezei (1996) , which showed a very low degree of anthropophily in this species. Our results indicate that this species is opportunistic, as all the parks where Ae. fluviatilis was collected are located in densely inhabited areas. The capacity of Ae. fluviatilis to act as a vector for the transmission of yellow fever viruses has already been proven in the laboratory (Degallier et al. 2001) .
The second major cluster comprises species collected in very low numbers that did not feed on birds or rodents. Ps. ferox is isolated in its own branch and was the only species found engorged with monkey, human, and dog blood, as described by Forattini et al (1987) . The second branch in this cluster comprises An. strodei, Ae. albopictus, and Co. venezuelensis, which fed on humans and dogs. These species are main or secondary vectors of infectious diseases caused by arboviruses (Anderson et al. 1961 , Tauil, 2001 , Duarte et al. 2013 . The last branch comprises species of the Cx. (Cux.) Coronator group and Culex Melanoconion section that fed exclusively on human hosts. This finding differs from those described by Forattini et al. (1987) , Gomes et al. (1987) and Lopes and Lozovei (1995) , who reported that in urban areas Coronator species preferred to feed on birds.
The chi-square test was used to analyze whether there was a statistical association between the feeding preferences of different species of Culicidae and their blood meal sources. The result (p=0.81408) demonstrated that these species select hosts at random, supporting the hypothesis that hematophagous species of insects are eclectic and opportunistic (Alencar et al. 2005 , DiasSversutti et al. 2007 ). The mixed blood meals found in our study were from humans and birds, humans and dogs, or humans and rodents. Edman and Scott (1987) and Briegel and Horler (1993) consider that mixed meals can be a result of defensive behavior by the host or the nutritional status of the mosquito. Our finding of more than one blood source in the midgut of some mosquitoes indicates either gonotrophic discordance in these species or that the ingestion of blood was interrupted by a defensive reaction by the host. A noteworthy finding from an epidemiological perspective was that human blood was detected in all mixed meals. However, when the chi-square value was recalculated considering only the five most abundant species collected in the seven parks, a positive association was found between species of Culex (Cux.) nigripalpus and birds, highlighting the ornithophilic behavior of this species. This is an epidemiologically significant finding because birds can serve as reservoirs of the St. Louis encephalitis virus, which causes the clinical picture of St. Louis encephalitis in humans. There are reports of epidemics of this disease in Florida in 1959 in which transmission was maintained by Cx. nigripalpus (Day and Curtis 1993) . Serological studies of wild birds showed that the St. Louis encephalitis virus was present in birds in the Atlantic Forest (Iversson 1994) , and Rocco et al. (2005) reported the first isolation of the arbovirus that causes St. Louis encephalitis in humans in the same region in the state of São Paulo.
Another statistical inference that could be made after recalculating the chi-square value of the most abundant species was the positive association between Cx. quinquefasciatus and dogs, which is also important epidemiologically as this species is a secondary vector of canine heartworm in southeastern Brazil. The proximity of dwellings to parks contributes to the close contact between Cx. quinquefasciatus and pets or even animals abandoned in parks, such as dogs.
Anhanguera Park, located in the northwest of the city, was the only location where blood meals from all the vertebrates tested, except cat, were detected in mosquitoes. This may be because this park is in a peri-urban area, where there is little human influence, while the other parks are in densely urbanized areas. According to Forattini (2002) , mosquitoes can fly distances of up to 1 km, which means that they can bite hosts in houses around the parks and then digest the blood meal and lay their eggs in shelters and breeding sites inside the parks. The blood meals in the Culicidae fauna collected during the present study suggest that these mosquitoes are opportunistic and in general have no host feeding preferences, a fact that deserves attention since changes in the transmission dynamics of mosquito-borne diseases can be triggered by the introduction of new hosts and pathogen reservoirs in the city of São Paulo.
